Acute pulmonary thromboembolism (PTE) is a common problem. There are at least 600,000 estimated cases of newly diagnosed PTE and more than 50,000 related deaths in the United States each year. 1) 2) The overall 3-month mortality rate for all patients who present with PTE is reported to be about 15% and the reported mortality rate for those in shock is nearly 50%.
acutely increases to more than 40 to 50 mmHg, the RV may fail. Loss of RV function then leads to an acute drop in forward cardiac output and subsequent hemodynamic collapse. 7) The acute RV distension may shift the interventricular septum to the left and impair the left ventricular function. 8) Further pressure increase is evoked by neurohumoral agents or pulmonary baroreceptors. The release of serotonin, histamine and other inflammatory platelet-related molecules during the episode impair hemodynamic collapse. Airway resistance is increased due to bronchoconstriction and decreased pulmonary compliance is induced by lung edema, lung hemorrhage and loss of surfactant.
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D Di ia ag gn no os st ti ic c T To oo ol ls s O Ot th he er r T Th ha an n E Ec ch ho oc ca ar rd di io og gr ra ap ph hy y
Although the diagnosis of PTE is difficult, noninvasive diagnostic approaches have become increasingly reliable. The most important point is to remember to consider the possible diagnosis of PTE. The most useful approach is the clinical assessment of likelihood, based on presenting signs and symptoms, in conjunction with other diagnostic testing.
Plasma D-dimer assay plays an important role in the diagnosis of acute PTE. The traditional enzyme-linked immunosorbent assays (ELISAs) are generally available and have a very high sensitivity (98%). Although elevated plasma concentrations of D-dimer are sensitive for the presence of PTE, it is not specific. When PTE is not highly suspected, plasma D-dimer by ELISA usually suffices to rule out this condition.
Conventional electrocardiography has some additional roles besides presentation of diagnostic clues. On electrocardiogram, classic findings for an acute PTE include acute right heart overload such as S1Q3T3, a newly developed right bundle branch block, right axis deviation and P pulmonale. 8) Electrocardiograms can be used to exclude acute myocardial infarction. Also, T wave inversion in leads V1 to V4 has the greatest accuracy for identifying RV dysfunction in patients with acute PTE. 10) V/Q scanning was the most used test before the introduction of chest CT scanning to the clinical field. The PIOPED (Prospective Investigation of Pulmonary Embolism Diagnosis) investigators reported the sensitivity of V/Q scanning in the diagnosis of acute PTE. 11) They reported that high probability results are very helpful in the diagnosis of acute PTE and a high clinical probability yielded a diagnostic accuracy of 96%. However, with a high-probability scan, patients with a low probability of PTE according to clinical screening criteria had documentation of a PTE by angiography in around 50% of cases. Although V/Q scanning has been the first line test for evaluation of acute PTE in past years, it has several limitations. V/Q scans are relatively expensive, not readily available, and usually require further diagnostic tests.
11)12)
Noninvasive imaging modalities, including chest CT and magnetic resonance imaging (MR), are commonly used clinically. In particular, chest CT has been replacing the inconvenient V/Q scanning and the invasiveness of pulmonary angiography in recent years, especially in patients with normal renal function. Also, CT scans provide the images of other adjacent structures including lung parenchyma, pleura and mediastinum besides pulmonary vasculatures. 13) Perrier et al. 14) reported the diagnostic accuracy with helical chest CT imaging of 229 patients in a total 1108 consecutive PTE patients. They demonstrated that the sensitivity and specificity of a normal CT pulmonary angiography scan was approximately that of a low-probability V/Q scan (70 and 90%, respectively). 14) More recent data showed a comparison of CT pulmonary angiography with V/Q scan. 15) The study revealed that CT pulmonary angiography was not inferior to V/Q scanning in ruling out PTE. However, significantly more patients were diagnosed with PTE using CT angiography. Recently, chest multi-detector CT scanning has been used in the differential diagnosis of acute chest pain. 16) Moreover, it can detect RV dysfunction and provide important treatment information in patients with acute PTE. 17) Although CT scanning is relatively expensive, unavailable at the bedside, requires intravenous contrast agents and gives a relatively high dose of radiation, it is noninvasive, widely available, sensitive for the diagnosis of PTE, and produces quick results. Thus helical CT is rapidly becoming the imaging test of choice for the evaluation of acute PTE. MR is emerging noninvasive modality. In a recent study by Kluge et al., 18) multitechnique thoracic MR followed by MR venography was used successfully to search for both deep venous thrombosis (DVT) and PTE. Among 207 combined examinations, PTE was diagnosed in 76 and DVT in 78 examinations. Thirteen patients without PTE showed DVT; thus, MR venography detected 17% additional cases of thromboembolism. With using MR imaging technique, evaluation of PE and DVT was routinely feasible as one-stopshopping. MRI can be considered a second-line technique to avoid contraindications to CT.
Pulmonary angiography used to be regarded as the gold standard for the evaluation of PTE. Typical findings described for acute PTE during angiography include an intraluminal filling defect, vessel cutoff, areas of oligemia, and asymmetry of blood flow. 19) However, this technique is invasive and may be associated with serious complications. Current indications for the diagnosis of PTE reserve conventional angiography for patients in whom noninvasive and laboratory testing is inconclusive, and who need some interventions. 8) Journal of Cardiovascular Ultrasound 16｜March 2008 R Ro ol le e o of f E Ec ch ho oc ca ar rd di io og gr ra ap ph hy y i in n P Pa at ti ie en nt ts s w wi it th h A Ac cu ut te e P PT TE E Because transthoracic echocardiography (TTE) is noninvasive, provides rapid bedside results, and avoids the contrast and radiation hazards of chest CT, echocardiography is a potentially attractive imaging modality to diagnose PTE. Also, it is usually available in most hospitals.
T Tr ra an ns st th ho or ra ac ci ic c E Ec ch ho oc ca ar rd di io og gr ra ap ph hy y ( (T TT TE E) )
Most common clinical indications of the echocardiography are evaluation of presence of RV dysfunction and grade of pulmonary hypertension. With this technique, clinicians can understand hemodynamic status of the PTE. Also, TTE allows visualization of the aorta and the left ventricle (LV) to evaluate for other etiologies of chest pain, thus making it an attractive test. However, TTE is limited by the acoustic windows available.
Evaluation of RV Systolic Function
The echocardiography uses indirect signs of the hemodynamic consequences of acute RV pressure overload to diagnose acute PTE. 20) TTE can aid in the diagnosis of PTE and demonstrate other etiologies for chest pain by investigation for the acute hemodynamic consequences of PTE. In patients with acute PTE, RV dilatation, RV dysfunction and hypokinesis of the RV wall can be identified (Fig. 1) . 8) In normal subjects, an obstruction of more than 30% of the pulmonary vasculature can produce RV dysfunction. A way to evaluate RV dilatation and dysfunction is from the ratio of the RV end-diastolic area to LV end-diastolic area. The normal ratio is about 0.6. A ratio of more than 1.0 is consistent with severe RV dysfunction. 21) Other echocardiographic findings consistent with PTE (specifically pulmonary hypertension) are flattening of the interventricular septum and LV diastolic dysfunction. Flattening of the interventricular septum occurs when the transseptal Fig. 1 . Characteristic features of acute pulmonary thromboembolism identified by transthoracic echocardiography. Right ventricular dilatation and dysfunction were seen in a patient with acute pulmonary thromboembolism. In the diastole, the ratio of the right ventricular end-diastolic area to left ventricular end-diastolic area was more than 1.0 which is consistent with severe right ventricular dysfunction (normal value is less than 0.6).
Diastole
Systole pressure gradient reverses caused by RV pressure overload during diastolic period (Fig. 2) . In these patients, low cardiac output with shock and a prominent A-wave in pulsed wave Doppler recording of the mitral flow can be seen. [22] [23] [24] [25] LV impairment occurs when there is a reduced LV dimension associated with RV dilatation. Other proposed markers of RV dysfunction including RV/LV end-diastolic area ratio were listed on the Table 1. 26)
The McConnell sign is one of the features to look for in patients with acute PTE with TTE (Fig. 3) . 27) This sign shows normal contraction or sparing of the RV apex with hypokinesis of the midportion of the RV free wall. With this sign, acute PTE can be diagnosed with a sensitivity of 77% and a specificity of 94%. It can be used to differentiate acute PTE from primary pulmonary hypertension. However, in one study reported by Miniati et al., 28) the hypokinesis of the RV wall was diagnosed in about 44% of those with acute PTE. . Right atrial (RA) pressure can be estimated from the size of inferior vena cava and its respiratory motion (caval index).
29)
The estimation of RA pressure is listed in Table 2 . Patients with acute pulmonary hypertension typically have TR Vmax more than 3.0 m/s corresponding to a systolic PA pressure of about 40 mmHg. The estimation of PA pressure with TR velocity is feasible and has high sensitivity and specificity.
The pulsed wave Doppler analysis of RV outflow tract can give another method for evaluation of pulmonary hypertension. ).
31)
Direct visualization of thrombi
With TTE, a free-floating thrombus or a clot transiting through the right heart can be found. Although these findings are the most diagnostic, their visualization occurs only in about 7% of all TTE studies for PTE (Fig. 4) . In addition to imaging an embolus-in-transit, 32) TTE gives the ability to directly visualize the main and right pulmonary artery (PA) and proximal portion of left PA.
33)34)
Diagnostic accuracy of TTE
The diagnostic utility of TTE has been evaluated. Grifoni et al. 35) reported the diagnostic probability of TTE as a tool for triage in the emergency room in 117 consecutive patients with suspected acute PTE. In this study, TTE had a sensitivity of 51% and a specificity of 87%. The positive predictive value was 82% and the negative predictive value was 60%. In another study by Jackson et al., 36) similar results were shown in 124 consecutive patients with suspected acute PTE. TTE yielded a sensitivity of 41% and a specificity of 91%. The conclusion of the study was that TTE does not have sufficient sensitivity to exclude the diagnosis of acute PTE. Therefore, outside the intensive care unit (ICU), as a stand-alone imaging technique for the diagnosis of PTE, echocardiography should not be Echocardiography in Pulmonary Thromboembolism｜Jae-Hwan Lee, et al. used alone. However, in the ICU, echocardiography is attractive since it is noninvasive and does not require the transport of an unstable patient. In one study performed with the ICU patients, the common TTE findings of acute PTE were worsening tricuspid regurgitation (90%), pulmonary hypertension (77%), dilated RV (74%) and right heart strain (61%). 37) Moreover, 80% of patients with shock and PTE show evidence of right-heart dysfunction on echocardiography. 38) However, in the patient with unexplained shock, the differential diagnosis is broad and includes a number of processes that can cause both RV dilation and dysfunction. Thus, findings from TTE, even in patients with shock suspected to be due to a PTE, are nonspecific. Even if echocardiography findings are nonspecific for PTE, these may still provide important information by helping to exclude other causes of shock, such as acute LV dysfunction, tamponade, acute valvular disease, and aortic dissection.
38)
T Ti is ss su ue e D Do op pp pl le er r I Im ma ag gi in ng g
Myocardial strain is a dimensionless index of change in myocardial length in response to the applied force and is expressed as a fraction or percent change. 39) Peak systolic strain analyzed by tissue Doppler imaging has been used to evaluate ventricular function. It correlated well with changes in stroke volume and was more closely related to changes in global hemodynamics. 40) Recently, tissue Doppler imaging has been used to assess RV function objectively in the patient with an acute PTE. 41)42) Kjaergaard et al. 41) reported RV strain changes during the acute and recovery phase of PTE demonstrating the hypokinesis of RV free wall with strain analysis. Park et al. 42) showed that decreased peak systolic strain of RV midventricle was related to decreased RV systolic function; this value was improved after treatment (Fig. 5) . In this study, the negative value of the RV midventricular strain may be from the outward dilatation of the RV free wall during the systole in the acute period and suggests decreased RV free wall motion. However, the value became normalized after normalization of pulmonary arterial pressure after successful treatment. In other study by Hsiao et al., 43) they reported the usefulness of regional myocardial performance index of RV (RV MPI) by tissue Doppler to diagnose PTE. They concluded that the RV MPI ＞0.55 identified PE with a sensitivity of 85% and a specificity of 78%.
T Tr ra an ns se es so op ph ha ag ge ea al l E Ec ch ho oc ca ar rd di io og gr ra ap ph hy y ( (T TE EE E) ) Transesophageal echocardiography (TEE) provides an excellent image quality compared with TTE. It can be used in the patients with a poor acoustic window. For detection of PTE, TEE has 60-80% sensitivity and a 95-100% specificity.
In particular, for the detection of central PTE, TEE has 90-95% sensitivity and a 100% specificity. 44) TEE, like TTE, also allows visualization of secondary changes in cardiac chamber size and function due to the hemodynamic effects of the PTE. In one study by Rosenberger et al., 45) TEE can give direct visualization of pulmonary thromboemboli (46%). However, the sensitivity for direct visualization of thromboemboli at any specific location was only 26%. Other TEE evidence of RV dysfunction was observed in 96%, and TR in 50%.
However, TEE is not as widely available as TTE and requires special training in performance and interpretation. TEE also requires some sedation of the patient, which may be difficult if the patient is hemodynamically unstable or is respiratory compromised. 44) R Ri is sk k S St tr ra at ti if fi ic ca at ti io on n a an nd d P Pr ro og gn no os st ti ic c I In nf fo or rm ma at ti io on n b by y E Ec ch ho oc ca ar rd di io og gr ra ap ph hy y
In patients with acute PTE, the presence of RV dysfunction has been found to have a significantly poor prognosis. So, RV dilatation and dysfunction judged by echocardiography can be used in the risk stratification for PTE management. The presence of RV dysfunction and shock are the indicator for the use of thrombolytic agents such as tissue plasminogen activator. 46) Toosi et al. 47) reported their data associated with risk stratification of 159 patients with acute PTE. In their article, moderate to severe RV hypokinesis and RV/LV enddiastolic area ratio ＞1.0 were significantly associated with higher in-hospital mortality and demonstrated the best predictive values for short-term outcomes. Moreover, they reported that the sensitivity and negative predictive value of diastolic LV impairment, moderate to severe RV hypokinesis and RV dilatation (RV/LV end-diastolic area ratio ＞1.0 and RV end-diastolic area ＞30 mm) for in-hospital mortality were 100%.
In one prospective study of 209 consecutive patients diagnosed with an acute PTE without hemodynamic compromise, 65 patients (31%) had RV dysfunction. 48) In these patients, the mortality rate was much higher than those patients without RV dysfunction (5% with RV dysfunction vs. 1.2% without RV dysfunction). In the ICOPER registry (International Cooperative Pulmonary Embolism Registry) including 2454 consecutive patients with acute PTE, 40% of the patients had RV dysfunction, and 4% had free-floating cardiac thrombi. 49) The overall 90-day mortality was 15.3%. Multiple-regression modeling revealed that RV dysfunction was a strong and significant predictor of death. 4) Combining echocardiographic data and laboratory tests can give additional prognostic implications. In 124 consecutive patients with acute PTE, Binder et al. 50) reported their result about the combination of echocardiographic data with either NT-pro B-type natriuretic peptide (BNP) or cardiac troponin T (cTnT) in the prediction of complicated in-hospital course or death. With a positive echocardiographic results and either NT-proBNP ＞1000 pg/mL or cTnT ＞0.04 ng/mL, the risk of severe complication or death was approximately 38%. In other study evaluating the association of RV enlargement, elevated cardiac troponin I (cTnI) and 30 day mortality in patients with acute PTE, the mortality rate for patients with cTnI ＞0.1 ng/mL was 32%, with RV enlargement 28% and for patients with both findings 38%. 51) C Co on nc cl lu us si io on n PTE remains a life-threatening disease and one of three major disease entities with chest discomfort seen in the emergency room. Despite progress in imaging techniques and knowledge of this disease, its medical diagnosis is one of the most difficult to achieve. The clinical assessment of PTE probability remains central to the diagnosis and evaluation. Presently, accepted diagnostic modalities for the confirmation of PTE include V/Q scanning, chest CT, and standard angiography. All approaches have limitations and doctors must aware their cons and pros.
Because echocardiography is noninvasive, provides rapid bedside results, and avoids the contrast and radiation hazards of chest CT or conventional angiography, echocardiography is an attractive imaging modality to diagnose PTE. Also, echocardiography allows visualization of the aorta and the LV to evaluate for other etiologies of chest pain, thus making it a more attractive test. Recently, many researchers tried to evaluate RV function more objectively with tricuspid annular plane systolic excursion, systolic velocity of tricuspid valvular annulus, RV myocardial performance index or myocardial strain. However, it is uncertain as yet as to the role of these indices in the detection of PTE or in the prediction of prognosis. Further evaluation should be needed.
Besides giving important diagnostic information, echocardiography can aid prediction of prognosis. Presence of RV dilatation and dysfunction is a poor prognostic sign and is the indicator for thrombolytic therapy. Moreover, using echocardiographic data with laboratory data (i.e. NT-proBNP or cTnT and cTnI) can give additional prognostic information in these patients. A proposed flow chart for the evaluation of PTE is pictured in Fig. 6 . Echocardiography is optional in the clinical suspicion of pulmonary embolism. However, it can give information about possible causes of shock or presence of pulmonary hypertension in that step. Though echocardiography showed poor sensitivity in the detection of PTE, it can be also used in the diagnostic step. However, the definitive diagnosis should be made by other diagnostic modality. Echocardiography is mandatory in the determination of prognosis. Presence of RV dysfunction or shock are associated with poor prognosis, thrombolysis or thrombectomy should be considered.
However, echocardiography is limited by the acoustic windows available and insufficient sensitivity as a stand-alone test for the diagnosis of an acute PTE. [52] [53] [54] Thus, clinicians should know weak points of the echocardiography and use other tests to confirm the diagnosis. 
